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(54) Trunnion mountable fixture 

(57) A rotatable frame mounted on a base with trun* 
nions. The frame can support a workplace on more than 
one surface and can have workpiece engaging devices 
such as clamps, locating pins or nesting fixtures on both 
sides. The engaging devices can be different on differ- 
ent sides of the frame. The frame can be rotated by an 
electric motor, a pneumatic motor or a hydraulic motor. 
The frame can be expandable to accommodate frames 



of different jsizes. The woricstation can have a plurality 
of trunnion mounted fixtures positioned next to each oth- 
er and a robot moveable between the fixtures. The 
frames can be replaced with a lifting devtee moving 
along an overhead rail. The frame includes an aperture 
positioned along the rotational axis of the frame for com- 
municating power from an extemal power source to 
workpiece engaging devices. . 
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Description 

[0001] The invention relates to an apparatus for re- 
taining a workpiece 'during a processing operation, and 
more specifically, the invention provides a rotatable fix- 5 
ture mounted on a trunnion. 

[0002]- It 'has been a problem that current configura- 
tions of automobile manufacturing workstations are not 
as flexible desired. These current configurations cannot 
be changed to accommodate different configurations or 
workpieces without substantially effecting the produc- 
tion rate of the workstation. Generally, known worksta- 
tions require production to be shutdown for an excessive 
amount of time in order to accomplish a changeover to 
a different workpiece configuration. 
[0003] It would be desirable to provide a workstation 
having improved flexibility and reduced changeover 
time., The present invention provides an apparatus for 
engaging a workpiece during a processing operation. 
The apparatus includes a rotatable, removable frame for 
retaining the workpiece, a base f or supporti ng the frame, 
and a rotary drive for rotating the frame relative to the 
base. The frame has at least two surfaces for retaining 
workpieces. Each surface can include workpiece retain- 
ing devices such as clamps, locating pins, or nesting fix- 
tures. The frame can also include rings positioned along 
the perimeter of the frame for lifting the frame out of the 
trunnion. The frame also includes an aperturef or receiv- 
ing pneumatic or electrical connections for power and/ 
or control functions from an external source. The base so 
includes support posts connected to a base, and cross 
members. Each support post includes a yoke and rollers 
for operably supporting the frame. The frame is support- 
ed In the yoke. Rollers can be positioned with respect 
to the yoke to support the frame by engaging the trun- 55 
nion for rotation with respect to the yoke. The rotary 
drive can be mounted directly to the base or can include 
an external rotary power source. The rotary drive can 
include gears mounted on the frame and mounted on 
the base. 40 
[0004] Other objects, advantages and applications of 
the present invention will become apparent to those 
skilled in the art when the following description of the 
best modQ contemplated for practicing the invention is 
read in conjunction with the accompanying drawings. 45 
[0005], "^sThe Invention will now be described further by 
way of example with reference to the accompanying 
drawings in which like reference numerals refer to like 
parts throughout the several views, and in which: 

50 

Figure 1 is a perspective view of a trunnion assem- 
bly according to the present invention; 
Figure 2 Is a detail view of a rotary drive mounted 
directly on the base; 

Figure 3 is a cut-away view showing the support of S5 
the frame by the trunnion and showing the rotary 
drive driven by an external power source; 
Figure 4 Is a perspective view showing the trunnion 



of a frame being lifted out of the yoke; 

Figure 5 is showing two trunnion mountable fixtures 

arranged side by side; 

Figure 6 is a schematic plan view of first and second 
trunnion workstations with an overhead changeo- 
ver system and multiple robots moveable between 
the workstations; 

Figure 7 Is a detailed perspective view of a coupling 
for driving the frame in rotation with a motor when 
the trunnion Is operably engaged with the yoke; 
Figure 8 is a detailed perspective view of the align- 
ment pin portion of the coupling engaged within the 
alignment slot portion of the coupling; and ' 
Figure 9 ls,a perspective view of a trunnion support- 
ed frame having plates and locking means. 

[0006] The present invention provides a tmnnlon 
mountable fixture 10 for engaging a wori<piece during a 
processing operation. The trunnion mountable fixture In- 
cludes a pivotable frame 1 2, a trunnion 1 4 connected to 
the pivotal frame for rotation therewith, and a rotary drive 
16. The trunnion 14 is connected to the frame 12 and is 
supported in the cradle or yoke 40 of base frame 8. The 
rotary drive 16 rotates the pivotal frame 12 reciprocally 
through a predetenminefd angular movement by driving 
the trunnion 14 relative to the base frame 8. 
[0007] The pivotal frame 1 2 includes at least two fac- 
es for engaging workpieces, a first face 1 8 and a second 
face 20. Alternatively, the pivotal frame 12 cari include 
at least two plates 94a and 94b, shown in Figure 9. The 
plates 94a and 94b can partially or completely extend 
between the outer frame members. The pivotal frame 
can support clamps, sensors and the like at desired lo- 
cations. A workpiece can be supported from each face 
of the frame 12. For example, a workpiece 22 can be 
transferred to the first surface 18, as shown In Figure 1 . 
One or more wori<plece engaging devices can be posi- 
tioned relative to the face 18 and face 20 to support the 
workpiece 22 on one face, while a workpiece 24 Is sup- 
ported on an opposite face. Workpiece engaging devic- 
es can be positioned on a plate 94a and 94b to support 
a first woricplece relative to one face, while another 
workpiece is supported relative to anotherface. A wori<- 
piece engaging device can take the form of a nesting 
fixture 26, a locating pin 28, or a clamp 30. Both the first 
face 16 and second face 20 can be fitted with similar 
workpiece engaging devices, or with different configu- 
rations of devices. For example, a locating pin 28a can 
be positioned on the first face 18 and a clamp 30 and 
locating pin 28 can be positioned on the second face 20. 
The frame 1 2 can also include rings 32 preferably locat- 
ed at outer ends of the pivotal frame. The rings 32 can 
provide a location to engage the frame 12 with a lifting 
devtoe. The frame 12 can be lifted up and away from the 
base frame 8. The frame 12 also includes an aperture 
34 extending through the trunnion 14. Electric or pneu- 
matte power and/or controls for the workpiece engaging 
devtees can be directed through the aperture 34. For 
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example, electric power for an electric clamp 30 can be 
connected through a manual coupling, or a quick con- 
nect coupling. In the aperture 34, or adjacent thereto, to 
provide communication with an external power source. 
Fluidconduits, such as pneumatic or hydraulic lines, can 
also be directed through the aperture 34 with the use of 
manual couplings or quick connect couplings. 
[0008] The base frame 8 includes support members 
36a and 36b connected to cross members 38a and 38b. 
The support members 3,6,a and 36b can be associated 
with a base 37. The support members 36a and 36b can 
be releasibly connected to the cross members 38a and 
38b. The base frame 8 also includes a cradle or yoke 
40 for supporting the tmnnion of the pivotal frame 12. 
The yokes 4Ca and 40b are fonmed at the upper ends 
of support members 36a and 36b. The base frame 8 can 
also be extendable to increase the distance between 
suppprt members 36a and 36b. The support members 
36a and 36b can be releasibly associated with a base 
37. Cross members 38a and 38b can include a plurality 
0^ members slidably associated with each other be- 
tween lockable positions to accommodate expansion of 
the base frame 8. An expandable base frame 6 can be 
operable to receive' a plurality of different sized pivotal 
frames 1 2, 

[0009] The pivotal frame 1 2 is supported by the base 
frame 8. The trunnions of the pivotal frame include guide 
spools 44a and 44b for supporting the weight of the piv- 
otal frame 12 and workpieces connected thereto 
through the base frame 8. The guide spools 44a and 
44b are sized to fit within the yokes 40a and 40b so that 
the enlarged outer diameters resist lateral shifting of the 
frame with respect to the pivotal axis of the trunnion 
while resting in the cradle of the base frame 8. The base 
frame 8 can also include rollers 42 engageable with 
each guide spool 44a and 44b to rollingly engage within 
recessed portions 46a and 46b to promote rotational 
movement between the trunnion fixedly connected to 
the pivotal frame 12 relative to the base frame 8. The 
recessed portions 46a and 46b can be of appropriate 
shape and size to correspond to the rollers 42. The roll- 
ers 42 can be mounted on the base frame 8 with shafts 
48 adjacent to the cradle or yokes 40a and 40b. 
[001 0] The rotary drive 1 6 rotates the pivotal frame 1 2 
relative to the base frame 8. In operation , the rotary drive 
16a rotates the pivotal frame 12 in either rotational di- 
rection until the support member 36c engages a stop 
49, shown in Figure 9. connected to frame 12. The rotary 
drive 16a continues to provide a low level of torque to 
maintain the pivotal frame in stationary engagement 
with stop 49 in a ready position. The rotary drive can 
include a gear 50 fixedly mounted on the trunnion of the 
pivotal frame 12. The gear 50 is driven by a gear 52 ro- 
tatabiy mounted on the base frame 8. The gear 52 can 
be driven by a reversible motor 54, as shown In Figure 
2 mounted directly to the base frame 8. The gear 52 can 
also be driven by a power source external to the base 
frame 8, such as through a shaft 56 shown in Figure 3. 



The motor 54 can be an electric motor, a hydraulic motor 
or pneumatic motor. 

[0011] Fig. 7 illustrates a coupling In an uncoupled po- 
sition with the alignment pin or key spaced from the 
5 alignment slot, keyway or groove. Fig. 8 illustrates the 
coupling in a coupled position with the key engaged 
within the corresponding keyway. The rotary drive 16 
can Include a stub end 72 extending from the guide 
spool 44a portion of the trunnion. The stub end 72 can. 

10 be circular, as shown in Figure 7, or shaped as a rec- 
tangle, polygon, or can be variable in cross section. The 
stub end 72 preferably extends along a center axis of 
the guide spool 44a and away from the pivotal frarrle 1 2. 
As shown in Figure 7, the stub end 72 Includes a key 74 

IS at an end opposite from the guide spool 44a. The stub 
end 72 defines a first portion of a mating coupling 76. 
Another portion of the mating coupling 76 has opposing 
walls 78 defining a complementary slot 80 for receiving 
the key 74, as shown in Figure 8. The coupling 76 con- 

20 nects the motor 54 to the trunnion of the pivotal frame 
8. The walls 78 of the second portion of the coupling 76 
form a slot or groove 80, so that the key 74 is insertable 
in the groove 80. Preferably, the key 74 slides vertically 
into the groove 80, engaging the coupling 76 as the 

25 frame 12 is lowered into the base frame 8.. 

[0012] The stub end 72 can include at least one tab 
82a projecting radially from the end 72. The key 74 pref- 
erably includes two tabs 82a and 82b. The opposite 
sidewalis 81a. 81b, 83a, 83b of tabs 82a.and 82b en- 
gage alignment surfaces 85a, 85b, 87a, 87b respective- 
ly to coaxially align the axis of the trunnion 44a with the 
axis of the drive portion of the coupling 76. The engaged 
surfaces transfer rotational movement of the shaft to the 
frame 12. The tabs 82a and 82b preferably extend radi- 

35 ally from the end 72 approximately 1 80° apart to ensure 
that the tabs 82a and 82b do not Interfere with the end 
72 sliding into the groove 80. The tabs 82a and 82b can 
be formed to promote the insertion of the end 72 Into the 
groove 80 and also promote a relatively tight fit between 

40 the end 72 and the groove 80. 

[0013] In operation, as the frame 12 is lowered into 
the trunnion 14. the tab 82a is inserted in the groove 80 
first, so the tab 82a preferably is narrower than the 
groove 80 to prevent excessive wear by sliding contact 

45 with surfaces 85a, 85b. Tab 82a can also include a ta- 
pered end 84 to further promote insertion. It is prefenred 
that a relatively tight fit exists between the end 72 and 
the groove 80 to promote continuous reciprocating ro- 
tary action between the coupling 76 and the end 72. To 

so facilitate both ease of insertion and a tight fit, the tab 82a 
can be narower than tab 82b. As the frame 12 is low- 
ered Into the base frame 8, the weight of the frame 12 
can promote the complete insertion of the stub end 72, 
including the wide tab 82b, into the groove 80. The walls 

S5 78 can also include first guide means 86 and second 
guide means 88 to promote the insertion of the end 72 
in the groove 80 and also promote a tight fit between the 
end 72 and the groove 80. The first guide means 86 can 
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be positioned at the end of the groove 80 in which the 
end 72 is first inserted. The first guide means 86 can 
include a tapered surface 90. The first guide means 86 
can be positioned on both sides of the groove 80 and 
the tapered surface 90, on both first guide means 86, 
can act to narrow the groove 60. The surface 90 can 
engage the end 84 to promote insertion of the end 72 in 
the groove 80. The gap between the first guide means 
86 positioned on opposing sides of the groove 80 can 
be equivalent to the width of the tab 82b to create a tight 
fit between the end 72 and the groove 80. The second 
guide means 88 can be positioned on opposing sides of 
the groove 80 at a lower end of the groove 80. The sec- 
ond guide means 88 can be positioned on both sides of 
groove 80 and can include tapered surfaces 92 to guide 
the tab 82a, as well as the stub end 72, during insertion 
into the groove 80. The distance between the second 
guide means 88 can be equivalent to the width of the 
tab 82a to promote a tight fit between the end 72 and 
the groove 80. 

[0014] A workpiece 22 Is positioned on the first face 
1 8 of the frame 1 2. The workpiece 22 is retained by one 
or more workpiece retaining devices, such as a nesting 
fixture 26. a locating pin 28. and/or a clamp 30. As the 
workpiece 22 is being positioned on the first face 1 8, a 
workpiece 24 positioned on the second face 20 of the 
frame 12 is processed. For example, one or more robots 
58 can perform a welding operation on the workpiece 
24. When the processing of the workpiece 24 is com- 
plete, the frame 12 is rotated by the rotary drive 16 and 
the workpiece 24 Is removed from the second face 20. 
When the frame 12 Is rotated, the first face 18 Is posi- 
tioned to face the robot 58. The workpiece 22 is then 
processed. As the workpiece 22 is processed, a new 
workpiece is loaded onto the second face 20. 
[001 5] The trunnion mountable fixture 1 0 can also in- 
clude an electric controller 68. As shown in Figure 2, the 
controller 68 can be coupled to the motor 54, robot 58, 
lifting device 70, or any combination thereof. The con- 
troller 68 can control the rotation of the frame 1 2a, move- 
ment of robots between adjacent workstations, and the 
exchange of one frame 12 for another during changeo- 
ver of a workstation. The controller 68 can control the 
motor 54 to rotate the frame 1 2a in response to a signal 
that the robot has finished work, or after a predeter- 
mined period of time has passed, or in response to a 
release button engaged by the operator loading the op- 
posite side of the frame from the welding robot. The pre- 
determined period of time can correspond to a cycle 
time for completing a processing operation on a work- 
piece or an automated loading cycle time for a new 
workpiece to be processed. 

[0016] When a new workpiece configuration is to be 
processed, the frame 1 2 can be lifted out of the cradle 
portion of base frame 8. As shown In Figure 4, a lifting 
device 70 can be attached to the frame 1 2b at the rings 
32. The frame 1 2b can be lifted up and out of the cradle 
or yoke and a second frame (not shown), having differ- 



ent workpiece retalr>ing devices, can be lowered into the 
cradle or yoke.of the base frame 8. The lifting device 70 
can include an overhead rail 71 to move the frame 12b 
to a storage location. If the electric and/or pneumatic 
5 and/or hydraulic connections are made through manual 
connections, or quick connect couplings, adjacent ap- 
erture 34b of the frame 12b, those connections can be 
disconnected before the frame 12b Is lifted out of the 
cradle, and reconnected to the new frame after the re- 
10 placement frame is placed in position. 

[0017] A dual workstation can be configured to In- 
clude two trunnion mounted fixtures operating side by 
side. As shown in Figure 5, a trunnion mountable fixture 
10, according to the present invention, is positioned ad- 
's jacent a trunnion mountable fixture 1 0a. It can be desir- 
able to position two trunnion mountable fixtures adja- 
cent to each other at a dual workstation, for example, to 
increase the efficiency of the one or more processing 
robots 58a. Each rdbot 58a can perfonn a processing 

20 operation, such as a welding operatiori, on a workpiece 
positioned on the trunnion mountable fixture 1 0 and then 
move to the trunnion mountable fixture 10a to perfonm 
a second processing operation. The robot 58a can per- 
form processing operations continuously regardless of 

25 the time required to position workpieces on the trunnion 
mountable fixtures 10 and 10a, or the time required to 
change over the frame 12 in the idle workstation. The 
trunnion mountable fixture 10 and trunnion mountable 
fixture 1 0a can be identical or can be different. It can be 

30 desirable to have identical trunnion mountable fixtures 
positioned adjacent to each other at a woricstation If, for . 
example, a significant quantity of slmllariy configured 
workpieces are to be processed through the worksta- 
tion, and loading times are slower than the robot 

35 processing time. On the other hand, it can be desirable 
to have differently configured fixtures 10 and 10a if, for 
example, different workpiece configurations are to be 
processed at the workstation concun'ently or the time 
required for changeover of frames would otherwise re- 

40 quire robot down time. The trunnion mountable fixture 
10 can be operable to engage a first workpiece config- 
uration and trunnion mountable fixture 10a can be op- 
erable to engage a second workpiece configuration. 
[001 8] A workstation can Include multiple robots 1 00a 

45 and 100b and multiple trunnion mountable fixtures 10c 
and 1 0d. As is shown in Fig. 6, a workstation can include 
a trunnion mountable fixture 1 0c positioned adjacent to 
a trunnion mountable fixture lOd. A plurality of robots 
100a and 100b can be mounted on tracks 102a and 

50 1 02b to move between the trunnion mountable fixtures 
10c and 10d. The workstation can include an overhead 
fixture exchanging device 1 04 operable to follow a path 
defined by an overhead rail 106, shown schemattoaily 
in Fig. 6. A workpiece can be mounted on the trunnion 

55 mountable fixture 10c where processing robots 100a, 
100b perform processing operations on the workpiece. 
Contemporaneously, the device 104 can remove a 
frame 12c from the trunnion mountable fixture 10c. The 
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device 104 can follow the overhead rait 106 and move 
the frame 12c away from the workstation. The device 

104 can retrieve a different frame 12e, shown schemat- 
ically, and move the frame 12e to the trunnion mounta- 
ble fixture 10c. When the frame 12e is mounted on the 
trunnion mountable fixture 10c, the processing robots 
1 00a and 1 00b can move along the rails 1 02a and 1 02b 
to begin processing operations at the fixture 10c. The 
position of the robots 1 00a and 1 00b is shown schemat- 
ically in Fig. 6. After the.frame 12e has been mounted 
on the fixture 1 0c, the device 1 04 can move to the fixture 
1 0d to remove a frame 1 2d. It can be desirable to have 
a workstation having multiple fixtures, multiple robots 
and an overhead rail delivery system to increase the ef- 
ficiency of the workstation. 

[0019] The trunnion mountable fixture 1 0 can include 
a frame locking means 110 for maintaining the frame in 
a desired position relative to the base frame 8. The 
frame locking means 110 can include a member 112 as 
shown in Figure s, including an aperture 114. The mem- 
ber 112 is mountable to the frame through bolts, fasten- 
ers or welding. The member 1 1 2 is mounted to the frame 
12 to expose the aperture 1 14. The frame locking means 
110 also Includes a reciprocal pin 116 moveable be- 
tween an extended position and a retracted position. 
The pin is positioned within an extension means 118 
mountable to the base frame 8. The extension means 
118 can extend and retract the pin 116. The extension 
means 11 8 can be electrically, hydraulioally or pneumat- 
ically powered. The pin 116 is insertabte in the aperture 
114. The pin 116 can be extended to engage through 
the aperture 114 and loosely lock the frame 12 In a de- 
sired rotational position and can retract from the aper- 
ture 114 to unlock the frame 12, for example, in re- 
sponse to an operator pressing one or more safety but- 
tons allowing rotation of the frame from a safe distance. 
The frame locking means can Include a plurality of mem- 
bers 112 engageable with the single pin 116 to lock the 
frame 1 2 in a plurality of different positions, such as with 
the first face directed toward the welding robots and/or 
the second face of the pivotal frame facing the welding 
robots. To ensure an accurate and repeatable position 
for each pivotal frame mounted on the base frame, the 
alignment .key engages the alignment slot or keyway to 
repeatably position the axis of rotation for each frame. 
Preferal5(y, the motor 54 drives the pivotal frame 1 2 into 
engagement with a positioning stop 49 shown in Figure 
9 mounted on the base frame 8 and maintains low 
torque on the pivotal frame 12 to maintain the known 
predefined position or orientation required by robots for 
automated processes, like welding. 
[0020] Referring again to Figure 5, two trunnion 
mountable fixtures 1 0 and 1 0a are shown side by side. 
Above each fixture is a rail 71a and 71b, respectively. 
Each rail can define a path of movement for a lifting de- 
vice. A lifting device can move along one of the paths 
formed by the rails 71 a and 71 b and be positioned above 
one of the trunnion mountable fixtures. Each of the trun- 
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nion mountable fixtures 10 and 10a can be configured 
similarty or differently. For example, the trunnion mount- 
able fixture 1 0 can support a first configuration of work- 
piece during processing operations while the fixture 1 0a 

5 supports a second configuration of workplace. The robot 
58a can be programmed to perfomri different processing 
operations on different workpieces mounted at the dif- 
ferent fixtures 10 and 10a. A controller can communi- 
cate with the robot 58a, rotating means 16 and rotating 

10 means 1 6a. The controller can also communicate with 
lifting devices moving along rails 71 a and 7.1b. Fixtures 
10 and 1 0a can include frames 12 and 12a, each frame 
having a sensor for sending the presence of a work- 
piece. The sensor can communicate with the controller 

IS that a workplace is being supported by the frame. In op- 
eration, the controller can move the robot 58a to the fix- 
ture 1 0 when the sisnsor on the frame 12 emits a signal 
that the frame is supporting a wortqsiece. The robot 58a 
- can move to the fixture 1 0 and perform a predetermined 

20 processing operation on the workpiece supported by the 
frame 12. The processing operation can be a welding 
operation or a metal forming operation. When the robot 
58a has completed the processing operation it can emit 
a signal to the controller. The controller can then engage 

S5 the rotating means 1 6 to rotate the frame 1 2 dnd position 
a second wor1q3iece with respect to the robot 58a to re- 
peat the processing operation. Alternatively, the control- 
ler can move the robot 58a to the fixture 1 0a to perform 
a processing operation on a different workpiece sup- 

30 ported by the frame 12a. Contemporaneously, the con- 
troller can cause the rotating means 16 to rotate the 
frame 1 2 while the robot 58a is moving to the fixture 1 0a. 
At some point in the production cycle, a differently con- 
figured workpiece may be processed. A different frame 

35 niay be required to support the differently configured 
workpiece. When the last workpiece has been proc- 
essed at the frame 1 2, the controller can control a lifting 
device moving along the path 71a to move to the fixture 
10 and remove the frame 12 from the base 8. While the 

40 robot 58a is completing a processing operation at fixture 
1 0a the frame 1 2 can be replaced with a different frame 
(not shown). The same changeover can be completed 
at the fixture 10a while the robot 58a is perfomnlng a 
processing operation at the fixture 1 0. The controller can 

45 control the operations of the rotary drive 1 6 and 1 6a, the 
. movement of the robot 58a and movement of lifting de- 
vices moving along rails 71a and 71b to increase the 
efficiency of the workstation. The robot 58a can move 
along rails 59. ' 

50 [0021] Referring now to Figure 9, the invention can 
include a controller communicating with the drive 16a 
and the pin 116. The invention can also include a posi- 
tion sensor to determine the position of the frame with 
respect to the base 8. The frame 12 can also include a 

55 sensor for sensing the presence of a workpiece support- 
ed by the frame 12. The controller can also communi- 
cate with the sensor. When the frame Is rotated into a 
predetemiined position, the controller can control the 
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pin 1 1 6 to pierce the aperture 11 4 to maintain the frame 
in a desired position. When a processing operation has 
been completed by a robot (not shown) the robot can 
send a signal to the controller and the controller can 
move the pin out of the aperture 1 1 4. The controller can 
then control the rotary drive 16a to rotate the frame as 
desired. A sensor mounted on the frame 12 can detect 
the presence of a workpiece and send a signal to the 
controller. If the signal is not received by the controller, 
the controller can maintain the position of the frame until 
a workpiece is sensed by the sensor. The means for 
communicating between the sensor and the controller 
can pass through the aperture in the center of the frame. 
The stop 49, shown positioned on the frame 12, can also 
be positioned on the support member 36c. 
[0022] While the invention has been described in con- 
nection with what is presently considered to be the most 
practical and preferred embodiment, It is to be under- 
stood that the invention is not to be limited to the dis- 
closed embodirnents but, on the contrary, is intended to 
cbver various modifications and equivalent arrange- 
ments included within the spirit and scope of the ap- 
pended claims, which scope is to be accorded the 
broadest Interpretation so as to encompass all such 
modifications and equivalent structures as is pemnitted 
under the law. 



Claims 

1 . An apparatus for supporting at least one workpiece 
during a processing operation comprising: 

a base; 

a frame rotatably engageable with the base to 
support the at least one workpiece, the frame 
defining at least two workpiece supporting sur- 
faces; and 

means for rotating the frame with respect to the 
base. 
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gage the frame and remove the fram6 with re- 
spect to the base; and 
an overhead rail defining the path. 

5 5. The apparatus of claim 3 wherein the removing 
means further comprises: 

eyelets on at least two comers of the frame. 

10 6, The apparatus of claim 1 wherein the frame further 
' comprises: 

workpiece engaging means selected from the 
group consisting of clamps, locating pins and 
IS nesting fixtures. 

7. The apparatus of claim 6 wherein the frame further 
comprises: 

20 at least one aperture disposed on an axis of ro- 

tational of the frame for communicating power 

to the workpiece engaging means. 

8. The apparatus of claim 1 wherein the base further 
25 comprises: 

a plurality of support members spaced apart for 
receiving the frame; and 
a plurality of cross members slidably engagea- 
30 ble with respect to each other and engageable 

with at least one of the support members, the 
support members moveable with respect to 
each other in response to sliding engagement 
of the cross members. 

35 

9. The apparatus of claim 1 wherein the base further 
comprises: 

a plurality of rollers for supporting the frame 
40 during rotation. 



2. The apparatus of claim 1 wherein the frame further 
comprises: 

a plurality of frames selectively engageable 4s 
/'^Ith the base, each frame operable to selec- 
tively support a differently configured work- 
piece. 

3. The apparatus of claim 1 further comprising: so 

means for removing the frame with respect to 
the base. 

4. The apparatus of claim 3 wherein the removing ss 
means further comprises: 

a lifting device moveable along a path to en- 



10. The apparatus of claim 1 wherein the rotating 
means further comprises: 

drive means selected from the group consisting 
of an electric motor, a hydraulic motor and a 
pneumatic motor. 

11 . The apparatus of claim 1 wherein the frame further 
comprises: 

a first workpiece supporting surface having a 
first workpiece engaging means; and 
a second workpiece supporting surface having 
a second workpiece engaging means wherein 
the second woricpiece engaging means is dif- 
ferent than the first workpiece engaging means. 



6 



11 



EP 1 225 003 A2 



12 



12. The apparatus ot claim 1 further comprising: 



during a processing operation comprising: 



at least one robot to perform a processing op- 
eration on the wori^piece supported by the 
frame. 5 

13. The apparatus of ciaim 1 further comprising: 

a second base spaced apart with respect to the 
base; io 
a second frame rotatably engageable with the 
second base to support the at least one worlc- 
piece, the second frame defining at least two 
workplace supporting surfaces; and 
means for rotatlnig the second frame with re- '5 
spect to the second base. 

14. The apparatus of claim 13 further comprising: 

at least one robot moveable along a second be- so 
tween the base and the second base to perfomn 
a processing operation with respect to a work- 
piece supported by the frame and to perf omi a 
second processing operation with respect to a 
workpiece supported by the second frame. 

15. The apparatus of claim 14 wherein the at least one 
robot further comprises: 

two robots for selectively performing process- 30 
ing operations on workpleces supported by the 
frame and the second frame. 



16. The apparatus of claim 14 further comprising: 

at least one rail for defining the second path. 

17. The apparatus of claim 1 further comprising: 



35 



a base including a plurality of support members 
spaced apart and a plurality of cross members 
slidably engageable with respect to each other 
and engageable with at least one of the support 
members, the support members moveable with 
respect to each other in response to sliding en- 
gagement of the cross members and defining 
at least two cradles; 

a frame rotatably engageable with the base and 
removable with respect to the base and having 
a plurality of frame members defining at least 
two workpiece supporting surfaces and at least 
two trunnions disposed on opposite sides of the 
frame, each trunnion including a spool config- 
ured to correspond to one of the cradles and 
prevent lateral movement of the frame with re- 
spect to th6 base, the frame also including at 
least one workpiece engaging means for sup- 
porting a workpiece, the frame also including 
an aperture disposed on an axis of rotational of 
the frame for communicating power to the at 
least one workpiece engaging means, the 
frame also Including a sensor for sensing a 
woricplece supported by the frame and emitting 
a signal; 

means for rotating the frame with respect to the 
base; 

means for removing the frame with respect to 
the base including a lifting device moveable 
along a path, the path defined by at least one 
overhead rail; 

at least one robot for perf onn ing a processing 
operation on the workpiece; and 
control means for controlling the rotating 
means and the movement of the lifting device 
and the robot. • 



a sensor mountable with respect to the frame 
to sense a workpiece supported by the frame. 

18. The apparatus of claim 1 further comprising: 

means for stopping rotation of the frame in a 
predetennined position with respect to the 
base. 



19. The apparatus of claim 1 further comprising: 

coupling means disposed between the frame 
and rotating means to communicate rotation 
from rotating means to the frame, said coupling 
means including a key portion defined by the 
frame and a groove portion defined by rotating 
means. 
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20. An apparatus for supporting at least one workpiece 
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